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System and method of sensing current in high voltage
transmission lines utilizing the transmission of digital

information by optical fibkers.

The present inventicn relates to a system and a method
for measuring current in a high 'voltage transmission line and
transmitting the measured values by fiber optics. Particularly,
but not exclusively, the measuriné_may be effected on a conti-
nuing basis and at high frequencies.

Because of increasing requirements for higher voltages,
the transformers used in transmission lines are becoming larger
and larger and more expensive to fabricate and install.
Furthermore, existing test apparatus are not well isolated
from radio frequency interference and thus subjected to noise
and are not readily adaptable to computer or microprocessor-
type measuring apparatus which are becoming more and more
prevalent.

There is, therefore, a. need to use more advanced
technology in high voltage transm1551on systems and the present
invention is concerned with the utlllzatlon of optical fibers
to carry transmitted information from;a sensor circuit located
on a high voltage line. An advangaée of using such optical
fibers is that they have good vOItaée isolation qualities and
noise immunities. The present 1nventlon makes it possible to
use low voltage electronic c1rcu1ts to code information obtained
by a sensing circuit and to transmlg such information by optical
fiber to a receiver circuit where %@p'information is to be used.
The use of electronic circuits ofithie type permits a reduction
in the size of the sensing c1rcu1t and also permits the use
of a shunt to sense the current and further permits the use
of a conventional transformer torfeed,the supplies to the sensing
circuit which is adapted at a locatien on the line.

Various types of sensingfcifcuits have been used on
high voltage lines to measure the current but the majority of
such apparatus or circuits utlllze modulated coded signals or
pulse width modulation.

A feature of the present invention is to utilize a shunt
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to obtain a measurement of the current and a converter to
provide the measured signal in a form for transmission on

an optical fiber transmission line to a far end receiver for
analysis of the information.

Another feature of the present invention is to provide
a system and a method capable of sensing and measuring current
on a high voltage transmission line and on a continuous basis
and at high fregquencies.

A further feature of the present invention is to provide
a system and a method for sensing and measuring current in a
high voltage transmission line and providing two or more signals
representative of the measured current and converting same for
transmission on a optical fiber transmission line and wherein
the information is in a form to be utilized by computers and
microprocessors.

A further feature of the present invention is that an
instantaneous value can be provided when a measured signal is
required.

According to the above features, from a broad aspect,
the present invention provides a system for sensing and measuring
current on a high voltage transmission line. The system comprises
an input shunt element connected to the transmission line for
sensing a current flowing therethrough. A transmitter circuit
is provided for transmitting a signal representative of said
current passing through said shunt element. The transmitter
has converter means for producing a composite output digital
coded signal representative of the value of the measured-
current. A light transmitting output means is provided for the
transmission of the coded signal on an optical fiker transmission line
to a receiver circuit having decoding circuit means for decoding
and reconstituting the coded signal to a usable form to determine
the value of the measured current. The shunt element has a
resistive conducting core with an internal chamber. The transmit-
ter circuit is contained within the internal chamber to shield
the circuitry from electric and magnetic fields produced by
the current flowing through the conducting core around the

transmitter circuit.
In a preféerred embodiment the transmission line has one

.
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or more optical fibers fed by a light emitting device which
is a light emitting diode. The transmission carries the coded
signal which is a multi-bit word separated by a predetermined
serie of known bits. The transmission may be of the serial-
asynchroncus type or of the serial-synchronous type.

According to a further broad aspect of the present
invention, there is provided a method of sensing and measuring
current in a highk voltage transmission line. A shunt element,
having a resistive conducting core is connected to the high
voltage transmission line. The shunt element is provided wich
an internal chamber. A transmitter circuit is located within
the internal chamber to shield its circuitry from electric
and magnetic fields produced by‘current flowing through the
conducting core around the transmitter circuit. Current flowing
through the conducting core is measured and the sampled current
value is converted to a composite output digital coded signal.
The composite output digital coded signal is transmitted on an
optical fiber transmission line in the form of light impulses.
The light impulses are received and the composite output digital
coded signal is decoded to provide an output signal represen-
tative of the value of the measdpedr current.

The preferred embodimen@s of the present invention
will now be described with reference to an example thereof
as illustrated in the accompanyiﬁg,drawings, in which :

FIGURE 1 is a block schématic diagram of the converter/
transmission circuit, . _

FIGURE 2 is a schematic illustration of the construc-
tion of the input shunt, )

FIGURE 3 is a schematic-diagram of the analog portion
of the receiver, -7

FIGURE 4 is a block schematic diagram of the receiver

€

circuit, 7

FIGURE 5 is a fragmented section view of the mounting
assembly, )

FIGURE 6 is a characteristic curve of the frequency
of response of both channels A and B,

FIGURE 7 shows the response of the system when the

shunt is replaced by a square wave voltage source,
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FIGURE 8 shows a typical characteristic transfer curve
of the system,

FIGURE 9 is a graph illustrating the curves which
show the gain and the offset of each of the channels as a
function of temperature, and ,

FIGURES 1l0a and 10b, which appear with Figure 5, show
display curves illustrating the functioning of the system at
tests made at 1,000 amps and 50 amps.

Referring now to the drawings, and more particularly
to figures land 2, there is shown generally at 10 the conver-
ter/transmitter which has an input shunt 11. The circuit 10
senses the current passing through the shunt, at two points
P and Q, and converts and transmits signal information relating
to the measured current on an optical fiber transmission line,
herein schematically illustrated at 12, to a remote receiver
circuit, which will be described later.

As shown in figure 2, the shunt 11 is of a co-axial
design comprising an inner resistive conductive tube 13 for
conducting current from an input connection 14 down through
the tube 13 and upwards on an outer conducting tube 15 to an
output connection 14'. The inner resistive tube 13 is provided
with an internal chamber 16 which is free of electric and
magnetic fields related to the measured current. The converter/
transmitter circuit 10 is mounted within the internal chamber
16.

The input connections 17 of the converter/transmitter
10 is connected to the inner resistive tube 13 at the two
predetermined connecting points P and Q separated by a know
distance, herein 10,50"(26;67 cm) which gives a resistance
value between the points calculated at 45,%pf1.

This type of coaxial shunt 11 can support continuously
a current of 2200 amps (In) and maintain itself within an inter-
nal temperature of 125°C on a fault equal to 20 amps In during
six cycles of the 60 Hz (0,ls.). This limit is imposed by the
semiconductors utilized.

The response time of such a shunt is given by the relation

™ = g pr’
6
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where h is the thickness of the resistive tube 13 in
meters

e is the permeability in H/m, and

o’ is the conductivity in mho/m.

In the present use of such a shunt, we have

}JCZ)JO = 4 x 1077 (monel K)
1

o

mho /m

0,603 x 10~°

h

0,012 m
Thus, the response time TM = SO‘pS.

The approximate pass band is given by the relation
ship 0,35 .
B = ———— = 3500 Hz
2 Tm & -
This pass band is superiér to the system specification
aimed and namely a frequency of EOO Hz.

As previously mentloned measuring points P and Q
(see Fig. 2) on the shunt 11 are 10,50" (26,67 cm) apart which
gives a resistive value of 45!§£ffl' or a voltage of 100 mV
for 2200 amps (nominal current) .

Because the electronics must operate in an ambient
temperature range of between —55 C to +125°C, and because of
the dynamic range to be covered (. l In to 20 In) this dictates
the use of two analog/digital converters 21 and 22 operating
with input signals having a difference in relationship by a
factor of sixteen (16) giving t%g ehannels A and B.

Referring to figure 1, the converter/transmitter 10

comprises a first input amplifier 20 which is utilized to permit

simultaneous adjustment of both channels A and B. In the present

transmitter design the amplifier 20 has a gain of 3,535 which
can permit the measurement and the transmission of a current
of 44 kA RMS (20 In) on the first channel A and current of
2,75 kA RMS on the second channel B.

Converters 21 and 22 are each fed by a Sample and Hold

circuit 23 and 24, respectively, with the sampling circuit 24

being fed by a second amplifier 25 having an amplification factor

of x 16. The Sample and Hold circuit 23 is fed by the output
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of the first amplifier 20. Also, the Sample and Hold circuits
23 and 24 are each contfolled by a controller: circuit 26
which provides trigger pulses every 40/ps to the circuits 23
and 24, whereby to obtain a sample of the current value using
channels A and B. The controller also feeds control pulses

to the converters 21 and 22 and to a shift register 27 which
makes a parallel to series conversion. The results of the
conversion at the output of each of the converters 21 and 22
is a 12 bit word and these words are combined (24 bits) into
a composite output digital coded signal of 31 bits in the
register 27. The register 27 adds trigger and control bits

in order to eliminate long chains of "O" and "1". There cannot
be a series of eight consecutive "O" except between two words
(between 31 bit words). The controller 26 can also be adapted
to receive a remote control signal to obtain a synchronized
sampling when two or more systems are used to measure other
currents such as on each line of a 3-phase power line.

The composite output digital coded signal at the
output 28 feeds a light ~emitting diode 29 of the type Texas
Instrument TIXL 472, which transmits light impulses in the
fiber optical transmission line 12. Other forms of light
transmission devices, such as lasers, may be utilized for this
purpose. The transmission line 12 is herein comprised of a
bundle of six optical fibers. However, the line could consist
of a single fiver or other size of bundle. The controcller
circuit 26 controls the sampling seguence and the transmission
sequence. In specific applications, the sampling is obtained,
converted and transmitted every 40/us. The transmission rate
on the optical fiber transmission line is 1 Mbits/second.

The calculated maximum error in the entire converter/
transmitter electronic circuit 10 is less than 0,6% of the
maximum level value for both channels A and B and this includes
all of the errors (i.e., variation of the offset of the gain)
and within the temperature range of between -55°C to +125°C.
In practical use, the accuracy of the converter/transmitter
is better than 0,6%. A gain resistor (not shown) in the
amplifier 20, of a type R-2R, permits a fine adjustment of the

gain of that amplifier. This permits the correction of errors
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in the construction of the shunt. The second amplifier 25 has
a fixed gain of x 16. The resistors in both amplifiers are

of the thin film type which have a very high stability to
temperature change.

Referring now to figures 3 and 4, there is shown the
construction of a receiver circuit. Figure 3 is a schematic
of the diode and preamplifier input illustrated by block 30 in
figure 4, and figqure 4 is a Bloci diagram of the entire receiver
circuit generally indicated by reference numeral 40.

Referring now to figure 3, the optical detector input
circuit 30 consists of an inpﬁt receiver 31 using a photo-
electric avalanche type Texas Instrument TIXL 452. The band
pass (500 MHz) of the diode in éircuit 31 is practically
limited to 50 MHz by the preampfifier included within the
receiver. Such an input circuit ié adequate for the present
receiver. The amplifier 33 is used to increase the amplitude
of the signal at the output 34.Qf'the receiver 31, which
receiver is fed by the composite output digital coded signal
received on its optical fiber input connection 35. The ampli-
fier 33 permits the adjustmentzqizthe mean value of this
signal. The amplifier 33 feeds.twg inverters 36 and 37 which
condition the signal to obtain standard TTL levels at the
output 38. )

Referring now to figure 4, the output 38 is connected
to two detector circuits 41 and 42 to detect the transition
and the code of the digital signal,.i.e., (1) or (O). The
receiver 40 consists of decoding gircuit means for decoding
and reconstituting the coded signal at 38 to a usable form
to determine the value of the sampled current at the input of
the transmitting circuit 10. The decoder receiver 40 utilizes
a 20 MHz oscillator in the clock circuit 43. This oscillator
gives a 1 MHz clock using a divide by 20 counter (not shown).
Thus, the 1 MHz clock has a plurality of outputs all in phase.
The transition detector 41 has an output 41' connected to the
clock 43 to synchronize and reset the 1 MHz clock in accordance
with the received signal and within an error signal smaller
than the duration time of a single bit divided by 20. The clock
43 has an output connection 43' which feeds the detector 42

wherehy to sample the signal every O'S,FS after the instant in
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which a transition could take place. Thus, sampling occurs in the
middle of a bit duration.

A divide by 8 counter 44 is connected to an output
45 of the detector 42 and identifies the separation (at least
eight consecutive "O") between the 31 bit composite signals
to determine the start of a word to be decoded. The counter
44 has an output 46 feeding control signals to a divide by 31
counter 47. The clock 43 synchronizes counter 44 by feeding
clock pulses on its input 46'. The divide by 31 counter 47 is
also synchronized to the clock 43 through input connection 47
and further receives the output signal of output 41' of the
detector 41 at its input 48. The counter 47 also detects the
end of the 31 bit coded signal. The output 49 of the divide
by 31 counter 47 feeds the memory circuit 50 to provide the
word identification signal thereto whereby it can latch the two
12 bit words representative of the sampled current values at
channels A and B of the transmitter 10.

The output 51 of the detector 42 also feeds the
input of a shift register circuit 52 which does the series
to parallel conversion and is clocked by its input 52'. The
output 53 of the shift register £2 transfers the 24 bit infor-
mation signal (two 12 bit words) to the memory circuit 50. The
transfer of the information from the register 52 is done by
the memory circuit 50 which is fed with identification signals
by the divide by 31 counter 47 after 31 bits have been received.
Control bits are also provided to detect errors and to give a
"busy" and "data available" signal for use of the output 54.

The memory 50 is provided with two output circuit means
one giving a direct digital signal at output 54 which may
provide a display of the 24 bits by electroluminescent diodes
(not shown). Another output .circuit means feeds a digital/
analog converter circuit 55 which is a 16 bit converter which
permits it to convert an input signal fed on its input 56, and
consisting of a 16 bit signal, and to provide an analog output
57 as a voltage with a scale of + 5 volts. A channel-determining
circuit 58 is fed by outputs 59 of the memory 50 and it automati-
cally samples'the two 12 bit signals to determine if the chan-

nel B is saturated thus permitting the circuit 58 to decide
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which of the two channels is more accurate. Channel B is
saturated if the 12 bits are all at "O" (zéro) at the transi-
tion period of scale A or all at "1" (one). A timing circuit
(not shown) permits a return to séaie B, a certain period of
time after channel B has desaturéted, to prevent shifting of
the scales at the zero transition of the signal, particularly
when the signal is strong. A manual adjustment element (not
shown) can also be provided to imﬁbse a desired one of the two
scales on the converter 55. The output of the receiver thus
permits monitoring of the current on the high voltage line for
corrective action. =

Referring now to figure g, there is shown a preferred
construction of a mounting assembly. As herein shown, the shunt
11 is secured atop an insulating column 60 on top of a generator
housing 61. A generator 62 is hoﬁseaxwithin the housing 61 and
driven by an insulated drive shaft 63 which extends through
a bore 64 in the column 60. The d%i?e shaft 63 is driven by a
motor 65 located in a mounting ba;e.66 of the assembly. The
bore 64 has a pressurized gas therein which prevents the ingres-
s of humidity. The motor/generatdi.arrangement (65,62) consti-
tutes a 400 Ez power supply. Twor4é@ Hz transformer-rectifier-
regulator assemblies feed the + 15 volts and the + 5 volt power
for the operation of the transmitte} 10 located in the shunt
11. .. :

A prototype has been built ahd in a first period tested
with a voltage source simulating tﬁé shunt. Figure 6 illustrates
the pass bands of both channels A and B with a 100 mV input and
figure 7 illustrates a response cﬁfye on a CRT display scale.

A series of curves have been traced for each channel in relation
to temperature. These curves have been obtained on a point to
point basis by feeding a series of constant voltage values at
the inputs of the transmitter 10. Figure 8 illustrates the
response curve obtained by this method.

Referring to figure 9, there is shown a compilation of
all the curves which illustrates the gain and the offset of
each of the channels at various temperatures. These gains and
offsets were obtained by the square means method. Figure 9
illustrates clearly the improved stability of the gain and the

offset for each of the input levels. The curves illustrate a
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qifference of the gain of 0,3% between the two input levels.

The difference of the offset was due to a bad adjustment of

fthe transmitter. It is also pointed out that these curves

stop at 80°C. After the system was stabilized at 80°C dur ing
a period of one half hour, the temperature was raised to
125°C during two minutes. This two minute period is sufficient
for the test (not to damage the circuit components) and .should
exceed a practical situation where a fault would occur at maxi-
mum voltage during a period of 0,1 second. No damage was made
to any of the components of the system. After returning to a
temperature of 70°C the calibration of the system was verified
and all was in order.

High current tests were also made utilizing a 60Hz
transformer which fed a 2000 amp current through the shunt.
I1 was verified that the current did not affect the electronic
circuit located in the shunt by short-circuitingthe transmitter input
inside the shunt.Figures 10a and 10b illustrate measurements
taken at high current tests effected between O and 2000 amps.
Figure 1lOa shows the output with a 1000 amp current inpqt,
while figure 10b shows the output with a 50 amp current input.
The apparatus proved operational at these high current values.

It is within the ambit of the present invention to
cover any obvious modifications of the example of the prefer-
red embodiment illustrated and described herein. With the
method of the present invention, it is conceivable to use
the system on high voltage transmission lines of 735 kV. It is
also foreseen that new amplifiers with programmable gains could
be used and would permit to increase the number of scales to use
an analog/digital converter close to its maximum input value.
The principal object is to have a very small error on the
sensed value of small currents. On the other hand, the phase
error is minimized by obtaining many samples at small increments
of time. It is apparent that the sampling could be effected,
at random, from a command circuit located on the ground. Also,
measurement could be synchronously made on the three phases
of the same transmission line.

Further, it is conceived that the shunt could be cons-
tructed as a non-coaxial shunt with the outer conducting tube

15 secured behind the inner conductive tube 13, that is to say
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in series. The electronics of circuit 10 could be housed

within the tube 15.

™
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CLAIMS

1. A system for sensing and measuring current on a
high voltage transmission line characterized in that it
comprises an input shunt element (11) connected to said trans-—
mission line for sensing a current flowing therethrough, a
transmitter circuit for transmitting a signal representative
of said current passing through said shunt element, said
transmitter having converter means for producing a composite
output digital coded signal representative of the value of
said measured current, a light transmitting output meahns (28)
for transmission of said coded signal on an optical fiber
transmission line (12) to a receiver circuit (31)having decoding
circuit means for decoding and reconstituting said coded signal
to a usable form to determine said value of said measured
current, said shunt element having a resistive conducting core
(13) with an internal chamber (16), said transmitter circuit
being contained within said internal chamber to shield its
circuitry from electric and magnetic fields produced by said
current flowing through said conducting core around said

transmitter circuit.

2. A system as claimed in claim 1, characterized in
that said light transmitting output means is a light emitting
device coupled to optical fibers for transmitting light
impulses in said fibers representative of said composite output

digital coded signal.

3. A system as claimed in claims 1 or 2, characterized
in that said input shunt has two connecting points (P,Q) for
passing said current to be measured, said transmitter circuit
having two channels each having an analog to digital converter
(21,22), a first amplifier (20) for adjusting simultaneously
both channel levels and feeding a first input signal to one of
said converters, a second amplifier (25) connected to an output
of said first amplifier to provide an amplified input signal to

a second one of said converters.

4. A system as claimed in claim 3, characterized in

that said digital converters each feed a 12 bit signal repre-
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sentative of their input signal to a shift register circuit
(27) to effect a parallel to series conversion to provide said
composite output digital coded signal, and a control circuit
(26) to provide trigger and céntrol pulses to said shift
register circuit to provide identification and trigger bits

in said composite output digital coded signal and to effect
sampling of said current to be measured by said transmitter

circuit and at predetermined time limits.

5. A system as claimed in any preceding claim,
characterized in that said transmission line has one or more
optical fibers fed by said light emitting device which is a
light emitting diode, said transmission being of the serial
asynchronous type carrying said coded signal which is a multi-

bit word separated by a predeiérmined series of known bits.

6. A system as claime§ in any claims 1 to 4, characte~
rized in that said transmission line has one or more optical
fibers fed by said light emiéting device which is a light
emitting diode, said transmiésion being of the serial syn—
chronous type carrying said coded signal which is a multi-

bit word separated by a predetermined series of known bits.

1

7. A system as claimed-%ﬁ claim 4 characterized in
that said receiver circuit comprises a photoelectric input
diode for receiving said light impﬁlses, a preamplifier to
amplify output signals of saidrinput diode, said decoding
circuit means reconstituting said coded signal into usable

signals representative of said two 12 bits signals.

8. A system as claimed-in.claim 7, characterized in
that said decoder circuit comprisés an oscillator clock
circuit (43) operating at a frequency of 20 MHz, a transition
detector (41) to synchronize said oscillator clock circuit
relative to the start of a received composite signal, said
clock circuit enabling sampling said received composite signal
in a bit detector (42) in the middle of a bit duration to re-
produce said received composite signal, a divide by 31 bit
counter (47) enabled by said transition detector to instruct
a memory circuit (50) to transfer said two 12 bit coded word

signals in said composite signal from a series/parallel
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converter circuit fed by said bit detector, said memory circuit
receiving said two 12 bit coded word signals for processing,
said memory circuit having ocutput means to display said recei-
ved signal.

9. A system as claimed in claim 8, characterized in
that said output means is a direct digital output 24 bit
signal to permit display and use of said two 12 bit coded
word signals.

10. A system as claimed in claim 9, characterized in
that said output means comprises a digital/analog converter
circuit (55) fed by a level selector circuit (58) which
receives said two 12 bit coded word signals from said memory
circuit and automatically selects a preferred one of said two
signals, said digital/analog converter circuit having an output
which reconstitutessaid selected one of said two signals as an

output voltage display on a + 5 volt scale.

11. A system as claimed in any preceding claim,
characterized ih that said shunt is a coaxial cylindrical shunt
having an inner conductive tube (13) and a coaxial outer
conductive tube (15), said chamber (16) being defined inter-
nally of said inner conductive tube, said inner conductive
tube providing voltage signals proportional to said current
flowing therethrough.

12. A system as claimed in claim 11, characterized in
that said coaxial shunt is secured on an insulating column
(60) and having a driven generator (62) interposed therebetween
to provide the required supply voltages to said transmitter,
said generator being driven by an insulated drive shaft (63)
extending in a bore through said column, and a motor (65) at

a base of said column for driving said shaft.

13. A method of sensing and measuring current in a
high voltage transmission line characterized in that it comprises
the steps of

i) securing a shunt element having a resistive
conducting core to said high voltage transmission line, said
shunt element having an internal chamber,

ii) locating a transmitter circuit within said internal
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chamber to shield its circuitry from electric and magnetic
fields produced by current flowing through said conducting

core around said transmitter circuit,

iii) measuring current flowing through said conduc-
ting core,

iv) converting said sampled current value to a
composite output digital coded signal,

v) transmitting said composite output digital coded
signal on an optical fiber transmission line in the form

of light impulses, and

vi) receiving said light impulses and decoding said
composite output digital codedesignal to provide an output

signal representative of the value of said measured current.

-

14. A method as claimed in claim 13, characterized
in that said sampling is effected by using two or more channels
to obtain two or more signal levels, adjusting simultaneously
sald two or more signal levels by means of a first amplifier
to provide a first input signal to constitute a first coded

12 bit word signal.

£

15. A method as claimed in claim 14 characterized in
that there is further provided the step of multiplying said
measured current through a second amplifier having & known
multiplication factor to provide a second coded 12 bit word
signal whereby said composite output digital coded signal

is composed of two 12 bit word signals.

16. A method as claimed in claim 15, characterized in
that there is further provided the step of providing adjustment
means to obtain a desired sampling time of said current flowing
through said conducting core, and identifying the location of
said two 12 bit word signals in said composite output digital

coded signal. -

17. A method as claimed in claim 15, characterized in
that said step (vi) comprises
a) detecting the start and end of said composite

output digital coded signal,
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b) transferring said two 12 bit word signals to a
memory circuit for processing to provide an output signal®’
reconstituting the value of said sampled current, and

c) selecting a preferred one of said two 12 bit

word signals.
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